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Abstract
Background Optimal prescription of resistance exercise load (kg) is essential for the development of maximal strength. 
Two methods are commonly used in practice with no clear consensus on the most effective approach for the improvement 
of maximal strength.
Objective The primary aim of this review was to compare the effectiveness of percentage 1RM (% 1RM) and repetition 
maximum targets (RM) as load prescription methods for the development of maximal strength.
Methods Electronic database searches of MEDLINE, SPORTDiscus, Scopus, and CINAHL Complete were conducted in 
accordance with PRISMA guidelines. Studies were eligible for inclusion if a direct measure of maximal strength was used, 
a non-training control group was a comparator, the training intervention was > 4 weeks in duration and was replicable, and 
participants were defined as healthy and between the ages of 18–40. Methodological quality of the studies was evaluated 
using a modified Downs and Black checklist. Percentage change (%) and 95% confidence intervals (CI) for all strength-based 
training groups were calculated. Statistical significance (p < 0.05) was reported from each study.
Results Twenty-two studies comprising a total of 761 participants (585 males and 176 females) were found to meet the inclu-
sion criteria. 12 studies were returned for % 1RM, with 10 for RM. All studies showed statistically significant improvements 
in maximal strength in the training groups (31.3 ± 21.9%; 95% CI 33.1–29.5%). The mean quality rating for all studies was 
17.7 ± 2.3. Four studies achieved a good methodological rating, with the remainder classified as moderate.
Conclusions Both % 1RM and RM are effective tools for improving maximal strength. % 1RM appears to be a better prescrip-
tive method than RM potentially due to a more sophisticated management of residual fatigue. However, large heterogeneity 
was present within this data. Lower body and multi-joint exercises appear to be more appropriate for developing maximal 
strength. Greater consensus is required in defining optimal training prescriptions, physiological adaptations, and training 
status.
Electronic supplementary material The online version of this 
article (https ://doi.org/10.1007/s4027 9-019-01241 -3) contains 
supplementary material, which is available to authorized users.
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1 Introduction
Resistance training is important for athletic development 
and is underpinned by 50 + years of peer-reviewed evidence 
[1–3]. Resistance training is employed to develop maximal 
strength, but can also be used to enhance speed, agility, 
rate of force development (RFD), hypertrophy, muscular 
endurance, motor control, balance, and coordination [1]. 
Sport-specific technical skills such as jumping, sprinting, 
and change of direction can also be improved following 
this type of training [2, 4]. Maximal strength can be defined 
as one’s ability to exert maximal force against an external 
resistance and requires a maximal voluntary contraction 
[3, 5], and is associated with many of the aforementioned 
physical qualities [4]. Optimising the prescription of resist-
ance training is, therefore, an important consideration for the 
strength and conditioning practitioner.
Effective resistance training prescription manipulates 
variables such as training volume and frequency, exercise 
selection and order, movement velocity, rest periods, and 
training load [6, 7]. Manipulating these variables elicits spe-
cific physiological adaptations such as an increase in neural 
recruitment or the development of muscle cross-sectional 
area [8, 9]. These physiological adaptations have been linked 
with prescription methods used to elicit improvements in 
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maximal strength, specifically the manipulation of training 
volume and load [8–10].
Optimising load prescription is essential for the effec-
tive development of maximal strength [9, 11, 12]. Load 
can be prescribed using a two-part method: 1) undertaking 
a dynamic maximal strength test [1 repetition maximum 
(1RM), for example] and 2) prescribing submaximal per-
centage loads based upon the initial 1RM (e.g., 85% of 1RM) 
(% 1RM) or repetition maximum targets (e.g., 5RM) (RM) 
[6, 7]. Both these methods of load prescription are com-
mon in practice and research; however, the most effective in 
developing maximal strength is still yet to bet determined.
Training programmes based on the % 1RM load pre-
scription method use submaximal percentages based off the 
maximal load an individual can lift (1RM) [13, 14]. Pro-
ponents of this method suggest that it is more favourable 
than using RM targets when implementing an undulated 
approach to training due to the ability to prescribe light and 
heavy days across a week, control for different proximities 
to failure, and provide a more objective programming strat-
egy for individuals [15, 16]. Conversely, providing indi-
viduals with RM targets allows for a more auto-regulatory 
approach in which the RM target dictates the load [14]. Sup-
porters of this method suggest that due to daily fluctuations 
in strength based upon a number of factors such as sleep, 
residual fatigue, and nutritional status; RM targets can pro-
vide a more flexible programming strategy than % 1RM and 
reduce the number of required direct or indirect strength 
assessments [14]. However, using RM targets, similar to 
that of more novel methods such as repetitions in reserve 
(RIR)—the quantification of training intensity by assigning 
the number of repetitions still able to perform immediately 
following a working set in accordance with a 1–10 scale of 
effort (e.g., 1 = 1 rep, 0 = 0 reps etc.)—require the individual 
to subjectively adjust loads, potentially resulting in inaccu-
rate or inappropriate prescriptions [17, 18].
Comparative charts and tables have previously been 
designed to provide an interchangeable approach between % 
1RM and RM targets [6]. However, research has highlighted 
that the repetition–load continuum can vary dependent on 
the population (trained vs. untrained or strength vs. endur-
ance, for example) [19–22]. Descorges et al. [20] highlighted 
differences in the number of repetitions performed when 
comparing four different types of athletes (handball vs. pow-
erlifters vs. swimmers vs. rowers). The more strength-based 
athletes performed significantly lower repetitions across 
multiple percentages of 1RM compared to the endurance-
based athletes. These results were similar to Richens et al. 
[21]. Repetition maximum targets and repetitions to failure 
have also been previously provided to predict 1RM [20, 23, 
24]. Mayhew et al. [23] investigated 14 different predictive 
equations and observed differences of − 24.0% to 27.1% 
in some equations when compared to the direct assess-
ment in bench press. Similarly, Garcia-Ramos et al. [24] 
compared two predictive equations when lifting to failure 
in the prone bench-pull, with the largest differences being 
− 3.6 ± 5.38 kg. The various RM targets associated with dif-
ferent % 1RM values demonstrates that pre-defined rep-load 
continuums may not be appropriate and the two methods of 
prescribing training load are not interchangeable with one 
another, and therefore, their individual effectiveness needs 
to be assessed.
To date, only one study has directly compared the two 
aforementioned methods of load prescription [25]. 15 
healthy male participants were split into two training groups 
(relative intensity vs. RM targets) and were asked to com-
plete a volume-equated and exercise-matched 10  week 
block-periodised resistance training intervention (3 × days 
per week). The RM group worked to a maximum in each 
training session (the final set performed must be a true RM), 
whereas the relative intensity group worked to percentages 
of the maximum set/repetition combinations. This relative 
intensity method allowed for the perturbations in strength 
levels to be accounted for whilst still working to individual 
percentages of 1RM. Carroll et al. [25] observed greater 
improvements in vertical jump performance, RFD, and max-
imal strength (peak force) during an isometric mid-thigh pull 
assessment in the relative intensity group compared to the 
RM group. These differences were attributed to a greater 
training stress in the RM group due to the consistent training 
to failure prescribed each week. Despite encouraging results 
in the favour of % 1RM prescriptions, more investigation is 
required to determine the efficacy of each method, and pro-
vide more robust recommendations as to which is the best 
method to adopt in practice.
Key Points 
Prescribing load via percentages of 1RM appears to be a 
better method for improving maximal strength than rep-
etition maximum targets due to a more comprehensive 
management of residual fatigue.
Multi-joint, compound, lower body exercises elicited a 
greater improvement in maximal strength than single-
joint, isolated, upper body exercises.
Large heterogeneity in training prescriptions, train-
ing status, and physiological assessment methods were 
evident in the literature, with a clear need for greater 
consensus on the most effective way to improve maximal 
strength in various demographics.
The Effectiveness of Two Load Prescriptive Methods on Maximal Strength Development
The purpose of this review is to assist practitioners’ 
understanding of methods used to prescribe load. There are a 
number of prescriptive approaches available to strength and 
conditioning (S&C) coaches, but to our knowledge, no study 
has assessed the most effective tool for developing maximal 
strength. Therefore, the aim of this systematic review was to 
compare the effectiveness of % 1RM vs. RM prescriptions 
as a means of improving maximal strength development. A 
secondary aim of the review was to investigate the quality 
of research in this area, to develop recommendations for 
S&C practitioners and researchers in terms of methodologi-
cal approaches and research designs.
2  Methods
This review has been written in accordance with the 
PRISMA (Preferred Reporting Items for Systematic Reviews 
and Meta-analyse) statement [26].
2.1  Literature Search
Literature searches were originally performed on 11th Octo-
ber 2017 and then updated on 30th August 2018, 14th March 
2019, and 13th September 2019 using the electronic search 
engines SPORTDiscus, MEDLINE, Scopus, and CINAHL 
Complete. Searches were performed using titles, abstracts, 
and keywords, utilising Medical Subject Headings (MeSH), 
indexing terms, and Boolean operators (AND/OR/NOT). 
Terms were grouped into themes relating to resistance 
training, prescriptive methods, and age. For SPORTDiscus, 
the following search terms were used; ‘resistance exer* or 
resistance train* or resistance strength* or resistance load*’, 
‘musc* strength or strength train*’, ‘Musc* power or power 
train*’, ‘rate of force development or RFD’, ‘weight lift* or 
weight train*’, ‘olympic lift*’ AND ‘1RM or rep* max*’, 
‘rep* to fatigue or RTF or predict* equation or AMRAP’ 
NOT ‘senior or elder* or old’, ‘supplement*’, ‘obes* or 
overweight or blood flow restrict*’, ‘Injur*’. All searches 
were conducted by the lead author (ST) and developed in 
consultation with an information scientist. The search strat-
egy was piloted and refined prior to being implemented.
Search results were collated using EndNote software 
(Thomson Reuters, New York) with duplicates removed 
automatically (EndNote) and manually (ST). The remaining 
titles and abstracts were screened for relevance by the lead 
author. Of those that were deemed potentially relevant, full 
texts were obtained and independently assessed for eligibil-
ity by the lead author, with a random sample (10%) inde-
pendently assessed by two of the research team (DR, AB). 
The included studies were then independently assessed by a 
second author (AR). If the inclusion of a study could not be 
agreed upon, a third author facilitated a discussion to reach 
a consensus. Reference lists of each study were manually 
searched to identify potentially relevant studies (ST).
2.2  Inclusion and Exclusion Criteria
Studies were deemed eligible if they met the following 
criteria:
• A direct, practical measure of strength was employed 
(1RM).
• A non-resistance training, control group was used as a 
comparator.
• The control group continued normal daily activities with-
out additional exercise that would influence strength.
• The training intervention was progressive.
• The methods section contained sufficient information for 
the training intervention to be fully replicable.
• The training intervention was strength-based, isotonic 
exercise lasting for a minimum of 4 weeks.
• No form of concurrent training was prescribed (plyomet-
ric and/or endurance).
• Participants were aged 18–40.
• Full texts were available in English and were original, 
peer-reviewed, and primary research.
Studies were not excluded based on the sex of the par-
ticipants or previous training history. This review did not 
control for volume matching. It was thought with the focus 
being prescribing load, only including studies that also 
matched training volumes would reduce the inclusivity of 
the search. In the event a study used multiple groups and 
only some conditions met the inclusion criteria, only the 
relevant data was extracted.
2.3  Data Extraction Process
Study characteristics including sample size (n), age (years), 
body mass (kg), stature (cm), sex, training history, duration of 
the intervention, training frequency, description of the inter-
vention (exercises, sets, reps, rest, and load), direct assess-
ment of strength, and method of programme progression were 
extracted from the eligible studies. The means and standard 
deviations (SD) for the primary outcome measure [change in 
absolute strength (kg)] were obtained and relative changes 
[percentage difference (% diff)] calculated with 95% confi-
dence intervals. All strength data were reported in absolute 
values (kg) unless unavailable, in which case relative (1RM/
body mass) values were reported. Data extraction of all arti-
cles was independently assessed for accuracy (AR). When 
relevant data were not reported, authors were contacted. If 
authors failed to provide the necessary data, pixel analysis was 
used to extract appropriate values (DigitizeIt) (ST). Reviewers 
were not blinded at any stage of the validation process.
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2.4  Methodological Quality Assessment
Methodological quality was assessed using the Downs and 
Black [27] quality assessment tool, as modified by Davies 
et al. [28]. This quality assessment tool was deemed more 
appropriate than other tools (Cochrane and PEDro, for 
example) due to its greater suitability to a non-clinical inter-
vention [29–32]. A detailed description of each criterion can 
be found elsewhere [27]. Briefly, of the 29 points available, 
20 + was deemed as a ‘good’ methodology, 11–19 moderate, 
and < 11 as poor quality. This process was independently 
assessed by two authors (ST/AR). Any disputes were settled 
through discussion with a third author (DR).
3  Results
3.1  Description of Studies
Figure 1 details the PRISMA [30] flow chart. A total of 22 
studies [33–54], totalling 761 participants (585 males and 176 
females), were eligible for review. Sample sizes ranged from 17 
to 120 participants, with numbers for experimental and control 
groups ranging from 5 to 47 participants. Mean ages ranged 
from 20.0 ± 1.8 to 31.6 ± 9.8 across all studies (see Table 1 for 
all participant characteristics). Of the two prescriptive methods 
(% 1RM, and RM), 12 studies utilised the % 1RM prescriptive 
approach and 10 employed the RM prescriptive approach.
15 studies assessed lower body strength (seated plantar-
flexion, knee extension, knee flexion, leg press, back squat, 
half squat, Clean and Jerk, and hip thrust) three studies 
assessed upper body strength (bicep curl, triceps exten-
sion and bench press) [35, 44, 50] and the remaining four 
assessed a combination of upper and lower body strength 
(bicep curl, leg press, back squat, latissimus-dorsi pull-
down, ab-board, back extension, and upright row) [38, 
42, 43, 48]. There was an 11.9% greater improvement in 
maximal strength when assessing upper body vs. lower 
body exercises (Table 4). All studies reported pre-and post-
intervention data for experimental and control groups (see 
Table 2 for all training intervention details).
3.2  Improvements in Maximal Strength
A summary of the strength developments can be found in 
Table 3. All 22 studies documented statistically significant 
(P < 0.05) improvements in maximal strength for the training 
groups (31.3 ± 21.9%; 95% CI 33.1–29.5%) in comparison 
with their respective control groups (3.4 ± 4.3%; 95% CI 
3.9–2.9%); 20 studies presented data in absolute values (kg), 
with two reporting relative (1RM/body mass) (Table 3).
The training groups utilising a percentage-based load 
prescription significantly improved maximal strength 
by 28.8 ± 20.2% (95% CI 31.4–26.2%) compared to 
34.5 ± 23.5% (95% CI 37.0–32.0%) for the training groups 
utilising a repetition maximum based load prescription 
(p < 0.05) (Table 4). When removing data derived from Cam-
pos et al. [37], which were seemingly outliers and skewed 
the data, maximal strength increased by 24.2 ± 10.81% (95% 
CI 23.1–15.4%) for the repetition maximum-based load pre-
scriptive method.
3.3  Periodised Approaches
Five studies employed a periodised approach to their pro-
gramming (daily undulating, linear or block) [35, 36, 40, 
45, 46]. Twelve studies adjusted load by an auto-regulatory 
increase when a target was met (RM or %) [33, 34, 36–38, 
41, 43, 44, 47, 51–53]; 8 studies employed mid-point 1RM 
tests (ranging from every 2–6 weeks) [35, 39, 42, 45, 46, 
49, 50, 54]; 1 study did not report how they adjusted load 
[48]; and 1 study increased the volume, but kept the load 
constant [40].
3.4  Training Variables
Training interventions ranged from 4 to 18 weeks across 
all studies, with 2–3 sessions per week being prescribed. 
Further analysis detailed a 4.9–5.5% greater improvement 
in maximal strength, measured via direct 1RM assess-
ments in multiple movements/exercises across all 22 stud-
ies when prescribing an intervention over a longer duration 
(> 6 weeks). The magnitude of the improvements, however, 
decreased after 6 weeks (Table 4). Nine studies implemented 
an intervention containing only one exercise [33–35, 44, 
45, 47, 49, 50, 53], with four of those employing a multi-
joint exercise (e.g., back squat) [44, 45, 47, 53]. 11 studies 
employed between two and five exercises within the inter-
vention [36–42, 46, 51, 52, 54], with two studies prescrib-
ing more than five [43, 48]. Six studies employed single 
joint or isolated exercises only [33–35, 49–51], with the rest 
prescribing multi-joint or a combination of the two. Maxi-
mal strength increased by 5.4% more in multi-joint, com-
pound exercises compared to single-joint, isolation exercises 
(Table 4). Exercise specifics for the training groups were 
1–6 sets of 3–28 reps, with 1–5 min rest periods. Training 
intensities ranged from 15 to 120% baseline 1RM-testing 
scores or 3–28RM. All studies either employed a ‘traditional 
or normal’ speed of movement (1–2 s for eccentric and 1 s 
for concentric) or did not control for tempo of movement.
3.5  Participants and Training Status
Four out of the 22 studies recruited trained or ‘technically 
proficient’ participants. One study defined trained as a min-
imum of 1 year resistance training [53], whereas another 
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study did not provide a definition [35]. One study required 
a minimum 1RM in the bench press of 100 kg; however, 
due to recruitment issues, this was reduced to 60 kg [44]. 
The fourth study required the participants to be technically 
proficient in the back squat [45]. One study reported that the 
participants had previous strength training at recreational 
level, but underwent no strength training for 3 months lead-
ing up to the study [40], and one study accepted participants 
who were training less than twice per week for 6 months 
leading up to the study [49].
The remaining studies recruited non-resistance trained 
participants ranging from 3  months to 5  years without 
any form of resistance training. 10 studies used Univer-
sity or College students; seven described their participants 
as ‘healthy’ and four described them as ‘untrained’. The 
remaining two studies recruited either University or team-
sports athletes. The control group across all studies were 
reported to have ‘maintained normal daily activities’ or 
to have ‘undertaken no resistance or endurance training’ 
throughout the duration of the intervention period; however, 
no study reported how this was controlled for.
3.6  Methodological Quality
The mean ± SD methodological quality rating score 
was 17.7 ± 2.3 out of a possible 29, with a range of 
14–23 (Table 5). Only four studies achieved a methodo-
logical quality rating of good, which was categorised as a 
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Table 3  Summary of the changes in maximal strength following an intervention compared to a non-training control
Study Groups Test Experimental group(s) Control Group
Pre Post Percentage 
change (%)
Pre Post Percentage 
change (%)
kg ± SD kg ± SD kg ± SD Kg ± SD
Weiss et al. 
(1988) [33]
RT (M) Seated plantar 
flexion
98.5 ± 16.5 113.5 ± 13.3 15.2 91.9 ± 18.6 91.9 ± 19.8 0.0
RT (F) 81.0 ± 23.8 93.4 ± 22.8 15.3 74.4 ± 8.1 74.4 ± 8.1 0.0
Braith et al. 
(1993) [34]
RT Knee extension 85.4 ± 27.9 111.6 ± 33.6 30.7 97.2 ± 29.7 100.6 ± 32.0 3.5
Moss et al. 
(1997) [35]
RT (G90) Elbow flexion 18.8 ± 3.0 21.7 ± 3.3 15.4 19.4 ± 3.1 20.7 ± 2.8 6.9
RT (G35) 20.0 ± 4.7 22.0 ± 5.1 10.0 21.0 ± 4.0 21.4 ± 4.2 2.1
RT (G15) 19.0 ± 4.5 20.3 ± 5.0 6.8 19.8 ± 4.8 21.0 ± 4.7 6.0
Bell et al. (2000) 
[36]
RT Knee extension 17.3 ± 2.8 27.3 ± 4.6 57.8 18.2 ± 4.0 20.0 ± 4.0 9.9
Leg press 151.4 ± 51.8 249.1 ± 151.0 64.5 165.9 ± 67.1 180.0 ± 36.7 8.5
Knee extension 36.8 ± 9.5 48.6 ± 9.5 32.1 38.2 ± 9.2 39.5 ± 8.1 3.4
Leg press 260.5 ± 78.1 393.6 ± 75.7 51.1 266.8 ± 104.7 297.3 ± 106.7 11.4
Campos et al. 
(2002) [37]
RT (LR) Leg press 309.1 ± 65.9 497.2 ± 93.1 60.8 284.8 ± 38.1 302.6 ± 40.7 6.3
RT (IR) 292.4 ± 44.4 396.7 ± 68.8 35.7
RT (HR) 298.6 ± 35.0 361.9 ± 37.5 21.2
RT (LR) Leg extension 96.1 ± 24.2 154.2 ± 33.3 60.4 93.9 ± 22.9 99.6 ± 24.2 6.1
RT (IR) 97.5 ± 16.0 144.9 ± 28.8 48.6
RT (HR) 86.8 ± 19.7 135.6 ± 11.4 56.2
RT (LR) Back squat 115.2 ± 30.0 246.5 ± 57.0 114.0 116.8 ± 18.2 139.3 ± 23.6 19.3
RT (IR) 120.34 ± 21.9 213.4 ± 27.7 77.3
RT (HR) 111.2 ± 22.0 193.1 ± 20.2 73.7
McBride et al. 
(2003) [38]
RT (S1) Bicep curl 33.8 ± 12.6 37.1 ± 15.1 9.7
Leg press 242.9 ± 139.6 324.2 ± 166.4 33.5
RT (M6) Bicep curl 29.6 ± 10.3 35.6 ± 10.8 20.5 30.2 ± 11.2 30.2 ± 11.2 0.0
Leg press 191.2 ± 76.8 293.4 ± 126.2 53.5 198.2 ± 52.1 208.4 ± 61.7 5.2
Willoughby 
(2004) [39]
RT Leg press 3.1 ± 4.2 4.5 ± 5.5 41.4 3.3 ± 4.3 3.8 ± 4.8 15.2
Tricoli et al. 
(2005) [40]
RT Half squat 146.3 ± 30.5 210.3 ± 22.3 43.8 149.5 ± 24.6 159.1 ± 22.2 6.4
Clean & jerk 57.4 ± 5.8 77.4 ± 11.7 34.8
Rana et al. 
(2008) [41]
RT Leg press 198.1 ± 27.2 319.0 ± 52.5 61.1 216.0 ± 36.6 228.8 ± 45.8 5.9
Back squat 56.7 ± 8.7 83.1 ± 17.4 46.7 60.7 ± 9.1 60.1 ± 31.3 − 0.9
Knee extension 51.2 ± 10.9 77.1 ± 11.8 50.7 59.5 ± 14.3 62.9 ± 18.0 5.7
Tanimoto et al. 
(2008) [42]
RT Vertical squat 105.1 ± 16.1 136.5 ± 20.4 29.9 113.7 ± 16.3 112.9 ± 17.8 − 0.7
Chest press 41.3 ± 5.4 55.1 ± 9.1 33.4 46.1 ± 10.0 47.3 ± 11.1 2.6
Lat pull-down 39.6 ± 7.2 55.7 ± 9.0 40.7 47.7 ± 6.9 48.9 ± 7.3 2.5
Ab-board 59.3 ± 8.8 90.4 ± 13.4 52.5 66.4 ± 7.9 67.1 ± 8.5 1.1
Back extension 61.5 ± 10.0 113.0 ± 13.5 83.7 70.0 ± 16.4 72.4 ± 16.2 3.4
Terzis et al. 
(2008) [43]
RT Back squat 101.0 ± 6.0 123.0 ± 6.0 21.8
Leg press 237.0 ± 16.0 297.0 ± 18.0 25.3
Bench press 77.0 ± 4.0 90.0 ± 5.0 16.9
Hartmann et al. 
(2009) [44]
RT (SPP) Bench press 95.5 ± 20.9 109.4 ± 19.6 14.5 58.5 ± 10.2 59.2 ± 10.5 1.3
RT (UP) 95.9 ± 17.5 105.4 ± 19.5 9.9
Cormie et al. 
(2010) [45]
RT Back squat 1.3 ± 0.2 1.6 ± 0.1 28.1 1.4 ± 0.1 1.4 ± 0.1 − 1.5
Chtourou et al. 
(2012) [46]
RT (MTG) 
(07:00)
Leg extension 71.0 ± 9.9 87.5 ± 7.9 23.2
Leg curl 70.0 ± 11.3 85.5 ± 9.0 22.1
Back squat 74.0 ± 12.0 89.5 ± 9.8 21.0
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score of 20 or above [39, 48, 53, 54]. Other studies scored 
a ‘moderate’ rating. All studies scored 0 for attempting to 
blind participants from the intervention and its outcomes. 
It was not possible to determine whether participants were 
recruited over the same time period and whether the inter-
vention was concealed from participants and administrators 
Mean ± SD
BG bilateral training group, BL bilateral, ETG evening training group, F female, G15 15% load group, G35 35% load group, G90 90% load 
group, HR high-repetition group, HV high volume, IR intermediate-repetition group, kg kilograms, LP leg press group, LR low-repetition group, 
LV low volume, M male, M6 six set training group, MTG morning training group, MV moderate volume, NP non-periodised group,, RT resist-
ance training, S1 1 set training group, SD standard deviation, SPP strength-power periodisation, SQ squat group, TP traditional periodisation 
group, UG unilateral training group, UP daily undulating periodised group
Table 3  (continued)
Study Groups Test Experimental group(s) Control Group
Pre Post Percentage 
change (%)
Pre Post Percentage 
change (%)
kg ± SD kg ± SD kg ± SD Kg ± SD
RT (MTG) 
(17:00)
Leg extension 73.5 ± 8.5 87.0 ± 8.2 18.4 69.0 ± 9.7 69.5 ± 9.3 0.7
Leg curl 73.0 ± 11.1 85.0 ± 7.5 16.4 64.0 ± 9.4 64.0 ± 6.6 0.0
Back squat 76.5 ± 11.1 88.5 ± 8.5 15.7 67.5 ± 10.3 67.0 ± 9.5 − 0.7
RT (ETG) 
(07:00)
Leg extension 69.5 ± 8.0 81.5 ± 4.7 17.3
Leg curl 68.5 ± 10.0 81.5 ± 6.7 19.0
Back squat 68.0 ± 11.1 80.5 ± 9.8 18.4
RT (ETG) 
(17:00)
Leg extension 72.0 ± 7.5 85.0 ± 4.7 18.1 72.0 ± 9.2 72.0 ± 8.9 0.0
Leg curl 71.0 ± 8.8 85.0 ± 6.7 19.7 66.5 ± 10.6 67.0 ± 10.1 0.8
Back squat 71.0 ± 10.5 84.5 ± 9.6 19.0 69.0 ± 10.2 69.5 ± 9.8 0.7
Weier et al. 
(2012) [47]
RT Back squat 86.3 ± 13.4 161.6 ± 23.2 87.3 83.1 ± 13.8 85.2 ± 13.9 2.5
Naclerio et al. 
(2013) [48]
RT (LV) Bench press 49.3 ± 19.1 54.4 ± 22.1 10.3
Upright row 40.8 ± 10.7 45.0 ± 13.8 10.3
Back squat 103.0 ± 30.8 107.1 ± 30.6 4.0
RT (MV) Bench press 65.9 ± 24.5 72.0 ± 28.4 9.3
Upright row 44.2 ± 9.9 49.9 ± 12.9 12.9
Back squat 126.3 ± 29.2 129.8 ± 40.6 2.8
RT (HV) Bench press 46.7 ± 19.6 54.5 ± 18.2 16.7 44.6 ± 21.0 44.1 ± 21.9 − 1.1
Upright row 38.9 ± 10.7 45.7 ± 13.5 17.5 35.4 ± 12.2 35.9 ± 11.7 1.4
Back squat 102.1 ± 26.7 119.8 ± 33.6 17.3 100.7 ± 45.0 101.3 ± 43.9 0.6
Aguiar et al. 
(2015) [49]
RT Knee extension 107.4 ± 3.9 135.8 ± 5.5 26.4 106.4 ± 2.6 106.9 ± 2.8 0.5
Akagi et al. 
(2016) [50]
RT Tricep extension 8.6 ± 1.3 11.5 ± 1.8 33.7 9.1 ± 2.0 9.4 ± 2.3 3.3
Botton et al. 
(2016) [51]
RT (UG) Bl knee exten-
sion
39.0 ± 7.3 46.6 ± 7.2 19.5
Ul knee exten-
sion
38.0 ± 7.8 50.2 ± 8.3 32.1
RT (BG) Bl knee exten-
sion
35.7 ± 7.6 45.5 ± 8.0 27.5 36.7 ± 8.1 37.0 ± 9.6 0.8
Ul knee exten-
sion
34.9 ± 6.8 43.1 ± 7.3 23.5 39.1 ± 10.0 39.2 ± 10.2 0.3
Wirth et al. 
(2016) [52]
RT (SQ) Back squat 97.1 ± 29.0 118.0 ± 29.4 21.5 75.6 ± 23.9 75.9 ± 21.0 0.4
RT (LP) Leg press 230.3 ± 57.4 296.8 ± 68.3 28.9 220.7 ± 88.1 226.9 ± 64.7 2.8
Jarvis et al. 
(2017) [53]
RT Hip thrust 161.8 ± 50.4 205.9 ± 63.3 27.3 164.6 ± 36.7 174.0 ± 41.9 5.7
Souza et al. 
(2018) [54]
RT (NP) Back squat 140.8 ± 23.9 171.0 ± 36.9 21.5 126.8 ± 21.3 132.1 ± 20.1 4.1
RT (TP) 141.2 ± 19.6 166.4 ± 30.3 17.9
RT (UP) 149.6 ± 34.7 178.4 ± 36.8 19.2
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across all studies. All studies reported the aims and/or 
hypotheses; the main outcome measures; the intervention 
employed; the point estimates of random variability; and 
employed appropriate statistical analysis. Four studies did 
not report full participant characteristics [33, 35, 36, 47] and 
four different studies failed to clearly describe their main 
findings [37, 39, 47, 49]. It was not possible to determine 
whether the sample represented the population in one study 
[34]; however, all studies did recruit both experimental and 
control groups from the same population. No retrospective 
unplanned subgroup analyses were reported in any of the 
studies. Six studies reported adherence or compliance to the 
intervention [43, 44, 47–49, 53], which was ≥ 92%, whilst 11 
studies incorporated supervised training sessions into their 
interventions.
4  Discussion
The aim of this review was to compare the effectiveness of 
two load prescriptive methods on maximal strength devel-
opment. Through a robust systematic search strategy and 
quality assessment, 22 research articles met the inclusion 
criteria, with 12 employing a % 1RM prescriptive approach, 
and the remaining 10 utilising the RM method for prescrib-
ing load (Tables 1, 4). The aforementioned strategies of load 
prescription are widely used across S&C practices, with a 
large number of resistance training intervention studies also 
utilising these methods. Nevertheless, this is the first review 
to compare the two methods against one another to inform 
practitioners as to the most effective method for developing 
maximal strength.
The main finding of this review was that both % 1RM and 
RM prescriptive methods were effective in improving maxi-
mal strength. Collectively, all training groups across the 22 
included studies improved maximal strength following their 
interventions (31.3 ± 21.9%; 95% CI 33.1–29.5%; P < 0.05) 
in comparison with their non-training control groups 
(3.4 ± 4.3%; 95% CI 3.9–2.9%). When comparing maximal 
strength improvements from the two different methods, the 
RM target training groups collectively improved by 5.7% 
more than the relative training groups (Table 3).
However, on closer inspection, the greater increases in 
strength following the RM method of prescription might be 
attributed to the 73–114% increase in back squat strength 
following an 8 week intervention in healthy, untrained males 
with a mean body mass of 77.8 kg observed in one study 
(Campos et al. [37]). The post-testing absolute 1RM val-
ues for one group equated to 246.5 kg, indicating a relative 
strength ratio of > 3 × body mass. When comparing to the 
current powerlifting rankings for the back squat, this level of 
lower body strength would enable these participants to fin-
ish approximately 27th in the 2019 world championships if Ta
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competing in the back squat alone [55]. Therefore, it is likely 
that this study is skewing the RM data. Furthermore, no 
standardisation of technique has been provided for the back 
squat, thus indicating that a full depth squat might not have 
been implemented given the loads lifted. This information is 
vital for readers to fully understand the methods employed, 
and standardisation within and across research studies needs 
to be agreed upon.
When removing this particular research article, and then 
reanalysing the RM results, the mean percentage improve-
ment from pre- to post-testing across the 11 studies remain-
ing fell to 24.2 ± 10.81% (95% CI 23.1–25.3%) (Table 4). 
This is in agreement with Carroll et al. [25] who directly 
compared relative prescriptive methods against RM tar-
gets and found that a relative daily maximum group was 
more effective in improving vertical jump, RFD and maxi-
mal strength in comparison with the RM group (p < 0.05, 
Hedge’s g = 0.69–1.26). Carroll et al. [25] suggested that a 
potential build-up of residual neuromuscular fatigue from 
training to failure and reduction in rapid force production in 
the RM group might explain the lesser improvements. This 
idea has been presented on an acute level, in which the time 
course for recovery has been prolonged following a bout of 
resistance training to muscular failure [56]. A recent review 
by Davies et al. [28] observed that no statistically signifi-
cant differences were evident when comparing training to 
failure vs. non-failure training. Similarly, Sundstrup et al. 
[57] highlighted that no greater motor unit recruitment was 
evident when training to failure vs. heavy loading training. 
Whilst training to failure may not affect improvements in 
maximal strength, the prolonged recovery time may be a 
negative contributing factor. Further investigation is required 
directly comparing these two methods of load prescription 
to determine the most appropriate approach across multiple 
athletic populations and training phases.
The present review highlighted important heterogene-
ity (such as demographics, testing procedures, and training 
prescriptions) within the included studies, making infer-
ences about the efficacy of these methods challenging and 
elucidating consensus difficult. Large variation in the par-
ticipants recruited (age and training status); training pre-
scriptions employed (sets, reps, load, and rest), exercises 
prescribed, and the tools used to measure maximal strength 
(various 1RM procedures, etc.) were evident in the literature. 
Despite agreement with Carroll et al. [25], such disparity 
in methodological approaches made comparisons across 
the 22 included studies difficult and we, therefore, recom-
mend that this initial finding be viewed with caution. More 
research is perhaps required to evaluate these approaches to 
load prescription.
Training prescriptions that exceeded 6 weeks in dura-
tion appeared to improve maximal strength greater than 
shorter interventions (32.1–32.7% vs. 27.2%); however, the 
magnitude of these improvements decreased notably when 
exceeding this duration (Table 4). For example, McBride 
[38] found that larger improvements in the leg press exercise 
across the first 6 weeks compared to the second 6 weeks 
of training, irrespective of volume (1RM improvements 
0–6 weeks: 26.6–27.7% across groups; and 1RM improve-
ments 6–12  weeks across groups: 10.7–18.0%), whilst 
Cormie [45] found much larger improvements in the back 
squat at mid-test stage compared to post-test (22.7% vs. 
4.5%]. Despite progressive training prescriptions being 
employed, these data suggest that utilising the same train-
ing intervention (e.g., exercises, periodisation approach etc. 
with small progressions in load prescription) for greater 
than 6 weeks could result in a plateau in maximal strength 
development, necessitating variation in training stimuli to 
elicit further improvement [1–5]. It is also possible that the 
initial 6 weeks of training would facilitate a rapid increase 
in neuromuscular adaptations, with hypertrophy becoming 
more dominant once these have run their course [38]. How-
ever, given the interaction between volume and hypertrophic 
responses to training [30, 32], it would be difficult to make 
these assumptions when the training frequency prescribed in 
the included articles in this review did not exceed 3 × week.
Improvements in maximal strength appeared to be 
influenced by exercise mode (Table 4). When comparing 
multi-joint, compound exercises (e.g., back squat or clean 
and jerk) with single-joint, isolation exercises (e.g., seated 
plantar-flexion or knee extension) greater improvement in 
maximal strength were evident. Multi-joint, compound exer-
cises require greater neuromuscular recruitment, inter-and-
intra-muscle coordination and better utilisation of muscle 
stabilisers and synergists than smaller, single-joint exercises 
[2, 6]. It is pertinent to note that the transference of single-
joint exercises to sport-specific actions such as jumping and 
sprinting is limited and that these exercises, therefore, have 
limited application when training for sport performance 
[2]. Similarly, our findings highlighted that greater relative 
improvements in maximal strength were observed in lower 
body vs. upper body exercises (Table 4), perhaps due to the 
recruitment of larger muscle groups and exposure to greater 
loads typical of these exercises.
The training prescriptions (exercises, volume, load and 
rest) employed within the 22 studies included in this review 
can be found in Table 2. Large variability in approaches 
for developing maximal strength was evident across both 
load prescription methods (% 1RM and RM), with ranges of 
1–5 + exercises across a mixture of both single- and multi-
joints, volumes of 3–28 reps across 1–6 sets, rest periods 
of 1–5 min, and intensities ranging from 60 to 120% of 
1RM or 3–28 RM targets. This heterogeneity highlights a 
clear disparity in optimal training prescription for develop-
ing maximal strength, making the assessment of effective 
training prescriptions difficult, and perhaps highlights that 
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improvements can be observed with multiple approaches. 
Researchers should seek to develop a greater consensus 
on the more appropriate methods for developing maximal 
strength within different demographics.
Training recommendations are linked to important under-
pinning physiological adaptations [1–7] and that the manipu-
lation of loads and volumes can elicit different adaptations 
[2, 4]. This review, however, indicates that there might be 
poor agreement about the physiological mechanisms under-
pinning maximal strength training. Adaptations to the neu-
ral system, such as the recruitment of additional or higher 
threshold motor units [34, 35], the recruitment of more 
fast twitch muscle fibres (type IIx), greater synchronisa-
tion of discharge of motor units [38, 44], greater efferent 
drive [44], increases in corticospinal excitability coincid-
ing with reductions in short-interval intracortical inhibition 
[47] or enhanced neural coordination [52, 53], have all been 
suggested to underpin improvements in maximal strength. 
In contrast, increases in muscle cross-sectional area, the 
conversion of muscle fibre types from type IIa to type IIx, 
changes in pennation angle, and the secretion of growth-
promoting hormones [37, 43, 45, 48, 51] have also been 
suggested to explain maximal strength improvements fol-
lowing training. Whilst disparity in explanations might exist 
in the literature, this does, however, highlight that maximal 
strength is a complex quality that can be influenced by both 
neurological and morphological adaptations. Heterogeneity 
in physiological measurements (EMG, corticospinal excit-
ability, DEXA scanner, BOD POD, muscle biopsies, blood 
sampling, or force plate data), the training status and abili-
ties of the participants recruited, and the prescriptions of 
the training interventions, were noted during our analyses. 
Such variety in assessment methods, samples, and prescrip-
tions might explain this disparity in physiological explana-
tions offered by the studies included in this review. Fur-
ther research might be needed to understand and isolate the 
physiologic mechanisms underpinning the prescriptions of 
maximal strength.
The majority of studies included in this review (18 arti-
cles; Table 1) recruited untrained or detrained participants, 
most of which ranged from 3 months to 5 years without 
consistent strength training. Despite this heterogeneity, all 
studies observed increases in maximal strength in their train-
ing groups. Those that recruited resistance-trained athletes 
(Table 1) observed notable increases in strength, ranging 
from 6.8 to 27.3%; studies using non-trained participants 
observed improvements ranging from 2.8 to 114.0% (87.3% 
when omitting [37]) in magnitude. This supports the sugges-
tion that untrained individuals improve strength to a greater 
extent and at a faster rate than trained individuals [58]. It 
is important to note, therefore, that data from untrained 
individuals might not reflect that of trained individuals 
and that research findings from one group should not be 
extrapolated to the other. Trained and untrained individu-
als respond to training stimuli differently, which can vary 
based upon their training history and current status [2]. It 
is thought that untrained individuals will benefit from basic 
resistance training approaches, whereas trained individuals 
require more sophisticated methods due to a more developed 
neuromuscular system [2, 4]. Furthermore, there is growing 
consensus that a baseline of maximal strength underpins a 
number of important performance parameters and that cer-
tain strength levels might be required prior to undertak-
ing more advanced training methods [1, 2, 4]. Therefore, 
researchers and practitioners should be cognisant of training 
status when designing training programmes, and ensure that 
the methods employed match the training status of the ath-
letes that they are prescribing for. Further research should 
investigate the use of prescriptive methods on trained and 
elite individuals specifically.
Often, methods used in practice precede empirical under-
pinning, and S&C practitioners sometimes utilise strategies 
before research has validated their efficacy [59]. The avail-
ability of other prescriptive methods to S&C coaches and 
practitioners is apparent in practice; however, the research 
does not necessarily reflect this. Similarly, recent criticisms 
of current methods of prescription (% 1RM and RM tar-
gets) such as the inflexibility and inaccuracies in training 
prescriptions following rapid increases in strength or the 
build-up of residual fatigue [60–63] and the development of 
new technologies have allowed practitioners to utilise other 
means for load prescription [64–66]. Subjective methods of 
autoregulation such as Repetitions in Reserve (RIR) or Rat-
ings of Perceived Exertion (RPE) have been suggested as an 
alternative strategy to prescribe load [17, 67–70]. Likewise, 
the utilisation of the measurement of barbell velocity is also 
evident in practice. Given the strong relationship between 
load and velocity, individuals are profiled and then associ-
ated velocities can be used to manipulate the absolute load 
lifted each session or each working set [71–76]. Despite 
these two methods being prevalent in practice, the amount 
of investigation into their efficacy is limited and warrants 
significant research in the future.
4.1  Quality Assessment
The quality of the studies included in this review, as assessed 
by the modified Downs and Black checklist [2, 3], had a 
mean score of 17.68 ± 2.28, suggesting a moderate rating of 
methodological quality (Table 5). Four out of the 22 stud-
ies were classed as having a good methodology (≥ 20) [39, 
48, 53, 54], with the remaining studies being classified as 
moderate (10–19). Although no studies were methodologi-
cally poor, there were still some noteworthy findings. Of the 
29 point checklist, only 9 of the criteria were met by all of 
the studies, with eight of the criteria met by ≤ 5 studies. In 
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accordance with Davies et al. [28], no study reported any 
adverse effects as a result of the programme intervention 
prescribed. When researching an intervention, any adverse 
effects or confounding variables should be reported [30]. 
This lack of transparency could conceal important biases 
that affect the quality of this data.
A number of the internal validity criteria were not met 
by any study. These were: attempting to blind participants, 
and attempting to blind those measuring the main outcome 
variables from the intervention. Although, in some cases, 
this might have improved the quality of the research, blinding 
participants from a training-programme intervention are dif-
ficult, and this might not have affected the overall methodo-
logical quality of the evidence [28, 29]. Such issues need to 
be considered by researchers who use similar checklists when 
evaluating intervention studies such as these, as the meth-
odological limitations of these tools might lead to erroneous 
conclusions being drawn about the evidence. Two other cri-
teria not explicitly met or reported by any of the studies were 
whether participants across multiple intervention or control 
groups were recruited over the same time period, and whether 
assignment of groups were concealed from participants and 
staff until after the intervention was complete. Failure to meet 
both of these criteria may have increased the risk of selection 
bias or participants not being placed in appropriate groups 
[28], and is an important risk of bias in the evidence. This 
could increase the possibility that a population was sampled 
until the desired conclusion was reached [28–30].
Only 11 studies reported that the interventions were 
supervised, and only seven studies reported any exercise 
adherence data. This is important, as poor adherence could 
have affected the successful completion of the interven-
tions and impacted the data reported. Full supervision of 
a training intervention is, therefore, necessary for health 
and safety purposes, but to also ensure that data are accu-
rate. Indeed, adherence should be recorded to ensure that 
outliers or suspect results are not due to partial completion 
and alterations in training frequency between groups [31]. 
Despite the aforementioned concerns, it should be noted that 
quality assessment tools that can evaluate strength training 
interventions are scarce. With a large bias towards clinical 
trials, a lot of the tools available (Cochrane, PEDro, Downs 
and Black) do not suit intervention studies in which blind-
ing may be difficult, for example. Therefore, if researchers 
are to reliably assess methodological quality in the future, a 
more appropriate and robust tool might be needed if accurate 
assessments of the evidence are to be made using quality-
assessment metrics in applied research such as this.
4.2  Strength and Limitations
The strengths of this review include the systematic nature 
of the search strategy, which rigorously followed the 
PRISMA guidelines [26]. The data extraction process and 
the quality assessment tools employed were all in accord-
ance with previous literature and guidance [26, 28–31]. 
Despite stringent inclusion criteria, the search terms were 
inclusive, evidenced by the number of original articles 
returned (Fig. 1). This inclusive search strategy was pur-
poseful, to draw out as much evidence as possible. How-
ever, due to this, the ability to control for things such as 
programme design, participant characterisation, training 
status (etc.) became challenging, and might explain the 
heterogeneous sample, making direct comparisons between 
some studies challenging. However, this is perhaps also 
reflective of the wide range of programming tools and 
methods employed within research (and practice). The 
heterogeneity of the studies included in this review also 
prevented any form of meta-analysis to be undertaken, 
reducing the statistical impact of the findings.
Volume was not controlled for within this review. Previ-
ous research has demonstrated a strong dose–response rela-
tionship for physical adaptations such as maximal strength 
[3, 10]. It is possible that without establishing inclusion cri-
teria that controlled for training volume, the application of 
data presented in this review could be limited. However, the 
aim of this review was to evaluate methods to prescribe load 
specifically and that the inclusion criteria of this review were 
developed to be sensitive to a breadth of literature.
Some studies failed to report all or relevant strength data 
[e.g., 37, 39, 47], whilst two studies only reported relative 
(1RM/BM) values [39, 45]. Requests were sent to all authors 
to provide additional data, with only one providing the nec-
essary information. In some cases, a graph digitizer was, 
therefore, required to extract the data, potentially reducing 
the accuracy of some of the values presented in Table 3. 
Despite this potential limitation, this approach highlights 
the robust and meticulous methods employed to extract and 
analyse relevant data.
The need for efficacy trials to include a non-training 
control group is important to ensure full confidence in the 
intervention under investigation. This inclusion criterion 
could have potentially limited the return of some related 
articles. However, Bishop [77] argues that all efficacy tri-
als (intervention studies) should be characterised by strong 
control, with a tightly delivered, standardised intervention 
to a specific, narrowly defined and motivated homogenous 
group. Indeed, it is this strict control that allows for any 
effects to be attributed to the intervention under investiga-
tion [77]. With this, we did not want to compromise quality 
for quantity; therefore, the decision to be stringent on the 
control group was upheld. This further highlights the need 
for researchers to make every attempt to control their stud-
ies as robustly as possible to further develop the quality of 
research in this area.
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4.3  Practical Recommendations
Practitioners should be confident in employing either % 
1RM or RM targets as a method of load prescription to 
improve maximal strength. The two methods, however, have 
different nuances in strategy and, therefore, are not inter-
changeable. S&C coaches may favour the % 1RM method, 
given the greater improvement in maximal strength over 
the course of progressive intervention (> 4 weeks) evident 
from this review. If practitioners would prefer a more auto-
regulatory method of load prescription, RM targets may be 
appropriate; however, careful fatigue management would be 
necessary due to the element of training to failure within 
this method [22, 56, 57]. In fact, potentially prescribing via 
% 1RM can allow coaches to better manage the build-up of 
residual fatigue and prevent a state of unplanned over-reach-
ing. Moreover, practitioners must ensure that the training 
interventions they prescribe are appropriate for the individu-
als they work with, utilising quality research as a frame of 
reference.
The assumption that the % 1RM target method elicits 
greater strength gains based on the results of this review 
should also be taken with caution. Whilst a recent study 
[25] showed that relative prescriptions was more effective 
at improving jump performance, RFD and maximal strength 
than RM targets, more research is required in this area, par-
ticularly directly comparing these two methods against one 
another. Practitioners should evaluate the necessity of train-
ing to failure and assess the intervention, and subsequently 
the method of load prescription, on a case-by-case basis 
dependent on age, training status, periodised approach, and 
time of season [1, 2, 25].
Despite the effectiveness of the two aforementioned 
methods, practitioners should still be aware of the potential 
logistical and physiological flaws when using this method. 
To administer comprehensive and safe, 1RM assessments 
with trained or untrained individuals can be difficult due to 
the proficiency needed in training at high loads, as well as 
the challenges logistically when employing it with a team of 
athletes [19, 60]. Practitioners should also take into account 
the daily fluctuations in force output, strength levels, and 
residual fatigue that may affect an individual’s daily maxi-
mal intensity capabilities [61, 62]. Therefore, considering 
alternative or additional methods such as velocity or RIR 
may help maximise load prescription and maximal strength 
adaptations.
4.4  Future Research
Future research should seek to investigate a direct compari-
son between % 1RM and RM targets to determine the most 
effective method of load prescription. Despite being used 
widely within practice and utilised in isolation across S&C 
research, the efficacy of these methods has not been inves-
tigated and thus requires further attention to evaluate their 
ability to improve maximal strength. Future research should 
also examine other common methods of load prescrip-
tion such as velocity or RIR to provide practitioners with 
the most effective strategy to improve maximal strength. 
Researchers should seek to develop research informed guide-
lines based around training variables related to the develop-
ment of maximal strength. Guidance on definitions of what 
constitutes a trained individual is imperative to further the 
application of research to practice. Importantly, researchers 
should employ more robust methodologies when investi-
gating the efficacy of training interventions. Furthermore, 
if methodological quality is to be assessed within the field 
of S&C, the development of a more appropriate and spe-
cific measurement tool may be necessary to ensure valid 
judgements can be made. Based on the research returned 
from this review, and the methodological quality assessment 
we employed, the following guidelines should be followed 
wherever possible:
Research design recommendations:
• Ensure the testing methods are appropriate for your 
hypothesis (e.g., if investigating maximal strength, 
employ a practical and reliable strength assessment).
• Always try to employ a non-training control.
• All groups must be matched in terms of n.
• Any resistance training intervention must be progressive 
in terms of load, volume, and complexity.
• Resistance training interventions must be clearly 
described and easy to replicate.
• Data must be clearly displayed with absolute and relative 
values easily extractable.
• Where possible, create as ‘real world’ a training and test-
ing environment as possible whilst not compromising 
levels of control.
• Standardise and report testing procedures in full (proto-
cols, movement technique, equipment etc.)
• Recruit participants from the same population across the 
same time points for multiple experimental or control 
groups.
• Report exercise adherence and intervention supervision.
5  Conclusions
This systematic review demonstrates that prescribing load 
via a combination of a direct measurement of strength 
(1RM), and then, submaximal prescriptions is effective in 
eliciting maximal strength adaptations. Furthermore, the 
two approaches highlighted in this review, RM targets and 
relative submaximal percentages (% 1RM), both have a posi-
tive impact on maximal strength development in comparison 
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with non-training controls. % 1RM elicited greater improve-
ments in maximal strength (> 4.6%) in comparison with RM 
targets. More research, however, is needed to fully investi-
gate the efficacy of both these methods, specifically direct 
comparisons between the two methods. Multi-joint, lower 
body, compound exercises appear to be more effective in 
improving maximal strength than their counter-parts. The 
law of diminishing returns highlights that the magnitude of 
change in maximal strength decreases following 6 weeks 
of training. The heterogeneity of the research in this area 
is evident from this review, and therefore, guidelines are 
required to help practitioners make informed decisions on 
the best way to prescribe and programme for their athletes. 
It is, however, important that practitioners look to utilise the 
research available to them to ensure appropriate prescrip-
tions can be made, considering such things as training status, 
age, background etc.
Compliance with Ethical Standards 
Funding No sources of funding were used in the preparation of this 
review.
Conflict of interest Steve Thompson, David Rogerson, Alan Ruddock, 
and Andrew Barnes declare that they have no conflicts of interests in 
relation to this review.
Open Access  This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/),  which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.
References
 1. Kraemer WJ, Ratamess NA. Fundamentals of resistance train-
ing: progression and exercise prescription. Phys Fit Perf. 
2004;36:674–88.
 2. Suchomel TJ, Nimphius S, Bellon CR, et al. The importance 
of muscular strength: training considerations. Sports Med. 
2018;48:765–85.
 3. Williams TD, Tolusso DV, Fedwa MV, et al. Comparison of perio-
dized and non-periodized resistance training on maximal strength: 
a meta-analysis. Sports Med. 2017;47:2083–100.
 4. Suchomel TJ, Nimphius S, Stone MH. The importance of muscular 
strength in athletic performance. Sports Med. 2016;46:1419–49.
 5. Siff M. Biomechanical foundations of strength and power training. 
In: Zatsiorsky V, editor. Biomechanics in sport. London: Black-
well Scientific Ltd; 2001. p. 103–39.
 6. Haff GG, Triplet NT. Essentials of strength training and condition-
ing. 4th ed. Leeds: Human Kinetics; 2016.
 7. Fleck SJ, Kraemer WJ. Designing resistance training programs. 
4th ed. Leeds: Human Kinetics; 2014.
 8. Rhea MR, Alvar BA, Burkett LN, et al. A meta-analysis to deter-
mine the dose response for strength development. Med Sci Sports 
Exerc. 2003;35:456–64.
 9. Peterson MD, Rhea MR, Alvar BA. Maximizing strength develop-
ment in athletes: a meta-analysis to determine the dose-response 
relationship. J Strength Cond Res. 2004;18:377–82.
 10. Ralston GW, Kilgore L, Wyatt FB, et al. The effect of weekly 
set volume on strength gain: a meta-analysis. Sports Med. 
2017;47:2582–601.
 11. Kraemer WJ, Fleck SJ, Deschenes M. A review: factors in 
exercise prescription of resistance training. Strength Cond J. 
1988;10:36–41.
 12. Bird SP, Tarpenning KM, Marino FE. Designing resistance train-
ing programmes to enhance muscular fitness: a review of the acute 
programme variables. Sports Med. 2005;35:841–51.
 13. Fry AC. The role of resistance exercise intensity on muscle fibre 
adaptations. Sports Med. 2004;34:663–79.
 14. Tan B. Manipulating resistance training program variables to opti-
mize maximum strength in men: a review. J Strength Cond Res. 
1999;13:289–304.
 15. DeWeese BH, Hornsby G, Stone M, Stone MH. The train-
ing process: planning for strength-power training in track and 
field. Part 2: practical and applied aspects. J Sport Health Sci. 
2015;4:318–24.
 16. Painter KB, Haff GG, Ramsey MW, et al. Strength gains: block 
versus daily undulating periodization weight training among track 
and field athletes. Int J Sport Physiol Perform. 2012;7(2):161–9.
 17. Helms ER, Cronin J, Storey A, et al. Applications of the repeti-
tions in reserve-based rating of perceived exertion scale for resist-
ance training. Str Cond J. 2016;38:42–9.
 18. Zourdos MC, Kemp A, Dolan C, et al. Novel resistance training-
specific rating of perceived exertion scale measuring repetitions 
in reserve. J Str Cond Res. 2016;30:267–75.
 19. Brzycki M. Strength testing: prediction of one-rep max from rep-
etitions to fatigue. J Health Phys Educ Rec Dance. 1993;64:88–90.
 20. Desgorces FD, Berthelot G, Dietrich G, Testa MSA. Local mus-
cular endurance and prediction of 1 repetition maximum for bench 
in 4 athletic populations. J Strength Cond Res. 2010;24:394–400.
 21. Richens B, Cleather D. The relationship between the number of 
repetitions performed at given intensities is different in endurance 
and strength trained athletes. Biol Sport. 2014;31:157–61.
 22. Shimano T, Kraemer WJ, Spiering BA, et al. Relationship between 
the number of repetitions and selected percentages of one repeti-
tion maximum in free weight exercises in trained and untrained 
men. J Strength Cond Res. 2006;20:819–23.
 23. Mayhew JL, Johnson BD, LaMonte MJ, Lauber D, Kemmler W. 
Accuracy of prediction equations for determining one repetition 
maximum bench press in women before and after resistance exer-
cise. J Strength Cond Res. 2008;22:1570–7.
 24. Garcia-Ramos A, Barboza-Gonzalez P, Ulloa-Diaz D, et al. Reli-
ability and validity of different methods of estimating one-repeti-
tion maximum during the free-weight prone bench pull exercise. 
J Sports Sci. 2019;37:2205–15.
 25. Carroll KM, Bernards JR, Bayzler CD et al. Divergent perfor-
mance outcomes following resistance training using repetition 
maximums or relative intensity. Int J Sports Phys Perf. 2018 
(Ahead of print).
 26. Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items 
for systematic reviews and meta-analyses: the PRISMA statement. 
Ann Intern Med. 2009;151:264–9.
 27. Downs SH, Black N. The feasibility of creating a checklist for the 
assessment of the methodological quality both of randomised and 
non-randomised studies of health care interventions. J Epidemiol 
Community Health. 1998;52:377–84.
 28. Davies T, Orr R, Halaki M, et al. Effect of training leading to 
repetition failure on muscular strength: a systematic review and 
meta-analysis. Sports Med. 2016;46:487–502.
 29. Davies TB, Kuang K, Orr R, et  al. Effect of movement 
velocity during resistance training on dynamic muscular 
The Effectiveness of Two Load Prescriptive Methods on Maximal Strength Development
strength: a systematic review and meta-analysis. Sports Med. 
2017;47:1603–17.
 30. Grgic J, Schoenfeld BJ, Davies TB, et al. Effect of resistance train-
ing frequency on gains in muscular strength: a systematic review 
and meta-analysis. Sports Med. 2018;48:1207–20.
 31. Grgic J, Schoenfeld BJ, Skrepnik M, et al. Effects of rest interval 
duration in resistance training on measures of muscular strength: 
a systematic review. Sports Med. 2018;48:137–51.
 32. Schoenfeld BJ, Grgic J, Ogborn D, et al. Strength and hypertro-
phy adaptations between low- vs. high-load resistance training: 
a systematic review and meta-anlaysis. J Strength Cond Res. 
2017;31:3508–23.
 33. Weiss LW, Clark FC, Howard DG. Effects of heavy resistance 
triceps surae muscle training on strength and muscularity of men 
and women. Phys Ther. 1988;68:208–13.
 34. Braith RW, Graves JE, Leggett SH, et al. Effect of training on the 
relationship between maximal and submaximal strength. Med Sci 
Sports Exerc. 1993;25:132–8.
 35. Moss BM, Refsnes PE, Abildgaard K, et al. Effects of maximal 
effort strength training and different loads on dynamic strength, 
cross-sectional area, load-power and load-velocity relationships. 
Eur J Appl Physiol. 1997;75:193–9.
 36. Bell GJ, Syrotuik D, Martin TP, et al. Effect of concurrent strength 
and endurance training on skeletal muscle properties and hormone 
concentrations in humans. Eur J Appl Physiol. 2000;81:418–27.
 37. Campos GER, Luecke TJ, Wendeln HK, et al. Muscular adapta-
tions in response to three different resistance-training regimens: 
specificity of repetition maximum training zones. Eur J Appl 
Physiol. 2002;88:50–60.
 38. McBride JM, Blaak JB, Triplett-McBride T. Effect of resistance 
exercise volume and complexity on EMG, strength, and regional 
body composition. Eur J Appl Physiol. 2003;90:626–32.
 39. Willouhgby DS. Effects of heavy resistance training on myosta-
tin mRNA and protein expression. Med Sci Sports Exerc. 
2004;36:574–82.
 40. Tricoli V, Lamas L, Carnevale R, et al. Short-term effects on 
lower-body functional power development: weightlifting vs. verti-
cal jump training programs. J Strength Cond Res. 2005;19:433–7.
 41. Rana SR, Chleboun GS, Gilders RM, et al. Comparison of early 
phase adaptations for traditional strength and endurance, and low 
velocity resistance training programs in college-aged women. J 
Strength Cond Res. 2008;22:119–27.
 42. Tanimoto M, Sanada K, Yamamoto K, et al. Effects of whole-body 
low-intensity resistance training with slow movement and tonic 
force generation on muscular size and strength in young men. J 
Strength Cond Res. 2008;22:1926–38.
 43. Terzis G, Stratakos G, Manta P, et al. Throwing performance 
after resistance training and detraining. J Strength Cond Res. 
2008;22:1198–204.
 44. Hartmann H, Bob A, Wirth K, et al. Effects of different periodiza-
tion models on rate of force development and power ability of the 
upper extremity. J Strength Cond Res. 2009;23:1921–32.
 45. Cormie P, McGuigan MR, Netwon RU. Adaptations in athletic 
performance after ballistic power versus strength training. Med 
Sci Sports Exerc. 2010;42:1582–98.
 46. Chtourou H, Driss T, Souissi S, et al. The effect of strength 
training at the same time of the day on the diurnal fluctuations 
of muscular anaerobic performances. J Strength Cond Res. 
2012;26:217–25.
 47. Weier AT, Pearce AJ, Kidgell DJ. Strength training reduces intra-
cortical inhibition. Acta Physiol. 2012;206:109–19.
 48. Nacleiro F, Faigenbaum AD, Larumbe-Zabala E, et al. Effects 
of different resistance training volumes on strength and power in 
team sport athletes. J Strength Cond Res. 2013;27:1832–40.
 49. Aguiar AF, Buzzachera CF, Pereira RM, et  al. A single set 
of exhaustive exercise before resistance training improves 
muscular performance in young men. Eur J Appl Physiol. 
2015;115:1589–99.
 50. Akagi R, Shikiba T, Tanaka J, et al. A six-week resistance training 
program does not change shear modulus of the triceps brachii. J 
Appl Biomech. 2016;32:373–8.
 51. Botton CE, Radaelli R, Wilhelm EN, et al. Neuromuscular adap-
tations to unilateral vs. bilateral strength training in women. J 
Strength Cond Res. 2016;30:1924–32.
 52. Wirth K, Keiner M, Hartmann H, et al. Effect of 8 weeks of free-
weight and machine-based strength training on strength and power 
performance. J Hum Kinet. 2016;53:201–10.
 53. Jarvis P, Cassone N, Turner A, et al. Heavy barbell hip thrusts 
do not effect sprint performance: An 8-week randomized-con-
trolled study. J Strength Cond Res. 2017. https ://doi.org/10.1519/
JSC.00000 00000 00214 6.
 54. De Souza EO, Tricoli V, Rauch J, et al. Different patterns in mus-
cular strength and hypertrophy adaptations in untrained individu-
als undergoing nonperiodized and periodized strength regimens. 
J Strength Cond Res. 2018;32:1238–44.
 55. International Powerlifting Federation. Powerlifting ranking 2019 
[internet]. International Powerlifitng Federation. 2019 [cited 2019 
Sep 11]. https ://www.power lifti ng.sport /champ ionsh ips/ranki 
ng/2019/power lifti ng.html. Accessed 19 Oct 2019.
 56. Moran-Navarro R, Perez CE, Mora-Rodriguez R, et al. Time to 
course recovery following resistance training leading or not to 
failure. Eur J Appl Physiol. 2017;11:2387–99.
 57. Sundstrup E, Jakobsen MD, Andersen CH, Zebis MK, Mortensen 
OS, Andersen LL. Muscle activation strategies during strength 
training with heavy loading vs. repetitions to failure. J Strength 
Cond Res. 2012;26:1897–903.
 58. Ahtiainen JP, Pakarinen A, Alen M, et al. Muscle hypertrophy, 
hormonal adaptations and strength development during strength 
training in strength-trained and untrained men. Eur J Appl Phys. 
2003;89:555–63.
 59. Kuklick CR, Gearity BT. A review of reflective practice and 
its application for the football strength and conditioning coach. 
Strength Cond J. 2015;37:43–51.
 60. Gonzalez-Badillo JJ, Sanchez-Medina L. Movement velocity as 
a measure of loading intensity in resistance training. Int J Sports 
Med. 2010;31:347–52.
 61. Padulo J, Mignogna P, Mignardi S, et al. Effects of different push-
ing speeds on bench press. Int J Sports Med. 2012;33:376–80.
 62. Cameron S, Mackey RM, Thiele EC, et  al. Comparison of 
fatigue responses and rapid force characteristics between explo-
sive and traditional resistance trained men. Eur J App Phys. 
2018;118:1539–46.
 63. Bosquet L, Porta-Benache J, Blais J. Validity of a commercial lin-
ear encoder to estimate bench press 1 RM from the force-velocity 
relationship. J Sports Sci Med. 2010;9:459–63.
 64. Dorrell HF, Moore JM, Smith MF. Validity and reliability of a 
linear position transducer across commonly practised resistance 
exercises. J Sports Sci. 2018. (Ahead of print).
 65. Orange ST, Metcalfe JW, Liefeith A, et al. Validity and reliability 
of a wearable inertial sensor to measure velocity and power in the 
back squat and bench press. J Strength Cond Res. 2018. (Ahead 
of print).
 66. Balsobre-Fernandez C, Marchante D, Munoz-Lopez M, et al. 
Validity and reliability of a novel iPhone app for the measure-
ment of barbell velocity and 1RM on the bench press exercise. J 
Sports Sci. 2018;36:64–70.
 67. Borg GA. Psychophysical bases of perceived exertion. Med Sci 
Sports Exerc. 1982;14:377–81.
 68. Nacleiro F, Rodriguez-Romo G, Barriopedro-Moro MI, et al. Con-
trol of resistance training by the Omni perceived exertion scale. 
2011;25:1879–88.
 S. W. Thompson et al.
 69. Day ML, McGuigan MR, Brice G, Foster C. Monitoring exercise 
intensity during resistance training using the session RPE scale. 
J Strength Cond Res. 2004;18:353–8.
 70. Hackett DA, Johnson NA, Halaki M, et al. A novel scale to assess 
resistance-exercise effort. J Sports Sci. 2012;30:1405–13.
 71. Conceicao F, Fernandez J, Lewis M, et al. Movement velocity as 
a measure of exercise intensity in three lower limb exercises. J 
Sports Sci. 2015;34:1–8.
 72. Jidovtseff B, Harris NK, Crielaard JM, et al. Using the load-
velocity relationship for 1RM prediction. J Strength Cond Res. 
2011;25:267–70.
 73. Banyard HG, Nosaka K, Vernon AD, et al. The reliability of 
Individualized load-velocity profiles. Int J Sports Phys Perf. 
2018;13:763–9.
 74. Banyard HG, Nosaka K, Haff GG. Reliability and validity of 
the load-velocity relationship to predict the 1RM back squat. J 
Strength Cond Res. 2017;31:1897–904.
 75. Carroll KM, Sato K, Beckham GK, et al. Relationship between 
concentric velocities at varying intensity in the back squat using 
a wireless inertial sensor. J Trainology. 2017;6:9–12.
 76. Picerno P, Iannetta D, Comotto S, et al. 1RM prediction: a novel 
methodology based on the force–velocity and load–velocity rela-
tionships. Eur J Appl Phys. 2016;116:2035–43.
 77. Bishop D. An applied research model for the sport sciences. 
Sports Med. 2008;38:253–63.
